The study was designed to investigate the effect of extreme prematurity on growth in academic achievement across the early school years and the validity of kindergarten neuropsychological skills as predictors of achievement. Method: A 2001-2003 birth cohort of 145 extremely preterm/extremely low birth weight (EPT/ELBW) children from a single medical center, along with 111 normal birth weight (NBW) classmate controls, were recruited during their first year in kindergarten and followed annually across the next 2 years in school. Mixed model analysis was conducted to compare the groups on growth in achievement across years and examine kindergarten neuropsychological skills as predictors of growth. Results: The EPT/ELBW group scored significantly below NBW controls on all achievement tests across years and had higher rates of special education placement and grade repetition. Despite limited catch-up of the EPT/ELBW group to the NBW controls in spelling, group differences were generally stable. Differences in spelling and mathematics achievement remained significant when controlling for global intelligence or excluding children who had intellectual or neurosensory impairments or repeated a grade. Higher scores on kindergarten tests of multiple neuropsychological ability domains predicted higher achievement levels and steeper growth in achievement. Conclusions: The findings document persistent academic weaknesses in EPT/ELBW children across the early school years. Results point to the need for preschool interventions to enhance academic readiness and suggest that neuropsychological skills assessed in kindergarten are useful in identifying individual differences in early learning progress.
Extremely preterm/extremely low birth weight (EPT/ELBW) children, defined as those with gestational age (GA) Ͻ28 weeks and/or Ͻ1,000 g birth weight, perform less well on tests of cognition and achievement and are rated by their parents and teachers as having more behavior and learning problems than term-born normal birth weight (NBW) controls (Anderson & Doyle, 2003 , 2004 Johnson et al., 2009; Johnson, Wolke, Hennessy, & Marlow, 2011) . Children with less extreme prematurity, including very preterm/very low birth weight (VPT/VLBW; GA Ͻ32 weeks and/or Ͻ1,500 g birth weight) children, are also at risk for these adverse consequences (Pritchard et al., 2009 ). Cognitive impairments are especially pronounced in the domains of attention and executive function, processing speed, perceptualmotor and spatial abilities, and memory; and learning problems are more prominent in mathematics than in reading (AarnoudseMoens, Oosterlaan, Duivenvoorden, van Goudoever, & WeisglasKuperus, 2011; Johnson et al., 2011; Litt et al., 2012; Taylor, Burant, Holding, Klein, & Hack, 2002) . Deficits in these skills cannot be fully accounted for by global cognitive impairment (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009; Anderson & Doyle, 2003; Johnson et al., 2011; Litt et al., 2012; Orchinik et al., 2011; Taylor et al., 2002) and are consistent with the vulnerability of preterm children to insults to frontal-parietal circuits and medial temporal lobe, periventricular white matter, the dorsal visual stream, subcortical gray matter, and cerebellum (Giménez et al., 2006; Volpe, 2009) .
Problems in academic achievement are evident by early school age and persist into adulthood (Aarnoudse-Moens et al., 2009 Breslau, Paneth, & Lucia, 2004; Hack et al., 2002; Pritchard et al., 2009 ). However, patterns of development across the schoolage years are less clear. Some studies that have tracked academic achievement in EPT/ELBW or VPT/VLBW samples at different ages suggest stable deficits relative to the achievement of agematched NBW children (Aarnoudse-Moens et al., 2011; Schneider, Wolke, Schlagmüller, & Meyer, 2004) , while others report increasing academic deficits (Espy, Fang, Charak, Minich, & Taylor, 2009; Saigal, Hoult, Streiner, Stoskopf, & Rosenbaum, 2000; Taylor, Klein, Minich, & Hack, 2000a) , and still others support the possibility of catch-up growth by adolescence in reading skills (Litt et al., 2012; Luu, Vohr, Allan, Schneider, & Ment, 2011; Samuelsson et al., 2006) . Impairments in specific cognitive domains in preterm children are associated with lower scores on achievement tests and poorer teacher ratings of academic performance (Grunau, Whitfield, & Fay, 2004; Mulder, Pitchford, & Marlow, 2010; Schneider et al., 2004; Taylor, Klein, Drotar, Schluchter, & Hack, 2006; Wocadlo & Rieger, 2007) , even when controlling for IQ (Litt et al., 2012; Marlow, Hennessy, Bracewell, & Wolke, 2007) . The cognitive weaknesses related to reading problems, moreover, overlap only partially with those related to mathematics disabilities. For example, Johnson et al. (2011) found that visuospatial skill and phonological awareness predicted both reading and mathematics, whereas other skills had more specific associations (i.e., visual attention with reading, and perceptual planning with mathematics). Similarly, Taylor et al. (2002) observed that verbal working memory was most closely associated with reading, and perceptual planning with mathematics. Research with the broader child population also indicates both shared and distinct cognitive correlates of reading and mathematics (Blair & Razza, 2007; Mayes, Calhoun, Bixler, & Zimmerman, 2009) .
Studies that have assessed academic achievement across the school-age years in preterm or low birth weight samples document predictive associations of early childhood weaknesses in IQ, phonological processing, rapid naming, visual-motor skills, and letter and number knowledge with later learning problems (Breslau, Johnson, & Lucia, 2001; Johnson et al., 2011; Schneider et al., 2004) . Findings from studies of community samples suggest that young children who score higher on tests of executive function and attention, visual-motor ability, nonverbal reasoning, phonological awareness, and language make more rapid academic progress and have higher levels of later achievement (Cameron et al., 2012; Ferrer et al., 2007; Geary, Hoard, Nugent, & Bailey, 2012; Spira, Bracken, & Fischel, 2005) . However, we are unaware of studies of preterm or low birth weight children that have examined cognitive abilities in relation to growth in academic achievement across multiple school years.
Previous reports from this project documented deficits in kindergarten in the EPT/ELBW relative to NBW group in cognition, academic achievement, and behavior (Orchinik et al., 2011; Scott et al., 2012; Taylor et al., 2011) . The present report extends those findings by investigating group differences in achievement across the first 3 years in school and associations of scores on neuropsychological tests administered in kindergarten to growth in achievement during this period. The rationale for focusing on academic development during the early school-age years was threefold. First, learning problems in preterm children frequently go unrecognized until several years after school entry, delaying provision of special services and contributing to long-term academic problems (Avchen, Scott, & Mason, 2001) . Second, because academic skills at the beginning stages of schooling predict later achievement, recognizing and meeting special education needs before or soon after school entry may be an effective means to reduce adverse long-term educational consequences in children at risk for academic problems (Rimm-Kaufman & Pianta, 2000) . Third, further research is required to identify the types of neuropsychological skills that predict subsequent achievement in preterm/low birth weight children in different academic domains (Baron, Weiss, Litman, Ahronovich, & Baker, 2014; Johnson et al., 2011) .
Based on past longitudinal findings (Espy et al., 2009; Johnson et al., 2011; Taylor et al., 2000a) , we hypothesized that weaknesses in achievement for the EPT/ELBW compared with NBW group would persist or even increase across the first 3 years in school. We further anticipated that these differences would remain, at least for mathematics, when controlling for an IQ measure or when excluding children who had repeated a grade or those with more global impairments. In view of associations of cognitive skills in early childhood with later academic achievement in preterm samples (Bull, Espy, Wiebe, Sheffield, & Nelson, 2011; Clark, Pritchard, & Woodward, 2010; Johnson et al., 2011; Pritchard & Woodward, 2011) , we also hypothesized that poorer performance on neuropsychological tests administered in kindergarten would predict less rapid learning progress or lower overall levels of achievement across the early grades. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Method Participants
A sample of 148 EPT/ELBW children (i.e., those with GA Ͻ28 weeks and/or Ͻ1,000 g birth weight), recruited from a cohort of 198 survivors born from 2001-2003 without congenital abnormalities and treated in the Neonatal Intensive Care Unit of Rainbow Babies and Children's Hospitals in Cleveland, OH, was enrolled in the project during their first year in kindergarten . Nonparticipants were from families that could not be reached (n ϭ 21), had moved out of the region (n ϭ 16), were non-English speaking or did not have custody of the child (n ϭ 8), or refused or failed to follow through on appointments (n ϭ 5).
Comparison of participants to nonparticipants failed to reveal differences in sex, race, birth weight, gestational age, or neonatal complications.
A group of 111 NBW controls (GA Ͼ36 weeks and birth weight Ͼ2,500 g) was recruited in kindergarten by distributing flyers to parents of classmates of EPT/ELBW children attending regular classrooms. The classmate who most closely matched a given EPT/ELBW child in age at assessment, sex, and race was selected for enrollment from among those whose parents agreed to be contacted. Because of the limited availability of NBW matches within some classrooms, 18 controls were from a different classroom in the EPT/ELBW child's school or a sociodemographically similar one. EPT/ELBW children without NBW controls included 3 who were home-schooled, 16 in full-time self-contained special education programs, and 18 for whom appropriate matches could not be found or whose schools refused participation or were Ͼ2 h drive from the medical center. Three EPT/ELBW children, all in self-contained special education programs, were excluded because of low levels of functioning that precluded testing, leaving 145 in the EPT/ELBW group and 111 NBW controls.
Children in both groups were assessed a minimum of 1 month after beginning kindergarten (year 1)-to allow children time to accommodate to their classrooms-through most of the school year and then at approximately 1-year intervals across the next 2 years in school (years 2 and 3). The present study focused on group differences in achievement scores across years and their association with neuropsychological test results obtained in kindergarten. Assessments took place during the period December 2006 through March, 2012. Table 1 lists group characteristics at birth and for each year of the study. Because each EPT/ELBW child was tested before his or her NBW control, the mean number of months in kindergarten at the time of assessment was significantly shorter for the EPT/ELBW group compared with the controls. Of the children who completed the study, the EPT/ELBW group had significantly higher rates of individual education programs (IEPs) or related services such as speech therapy (48 vs. 17%, p Ͻ .001). Fifteen children in the EPT/ELBW group (12%) compared with 4 NBW controls (4%) repeated either kindergarten or first grade (p ϭ .037). The groups did not differ significantly in sex, race, or socioeconomic status (SES) as defined by the mean of the sample z scores for maternal education, occupation, and census-based medium family income (SES z-score; Orchinik et al., 2011) . The 230 children (90%) who completed follow-up did not differ significantly from those who dropped out in years 2 or 3 in group membership, chronological age at initial assessment, or sex, but a lower proportion of African American than Caucasian/Asian families completed the study. Comparison of EPT/ELBW children who completed the study to those who dropped out failed to reveal significant differences in birth weight, gestational age, or rates of neonatal complications.
Assessment Procedures and Measures
Children were administered a battery of neuropsychological and achievement tests in single half-day sessions at our research offices. An examiner who was not informed of the child's birth status assessed the child while another interviewed parents and administered parent questionnaires. Parent and teacher ratings of child behavior and learning were collected as part of the larger project but were not considered in this study. Procedures were Institutional Review Board (IRB) approved and written informed consent was obtained from parents and teachers, with child assent obtained from children 7 years and older.
Tests of academic achievement included the Letter-Word Identification, Spelling, Calculation, and Applied Problems tests from the Woodcock Johnson Tests of Achievement-Third Edition (WJ-III-ACH; Woodcock, McGrew, & Mather, 2001a) . W scores were used in analysis as recommended for assessing developmental progress (Jaffe, 2009) . W scores are raw score transformations that provide for equal-interval scaling, with similar changes in scores at different points along the scale reflecting similar developmental changes.
The neuropsychological test battery included measures of several ability domains, with results from previous group comparisons revealing significantly lower scores for the EPT/ELBW group than for NBW controls on all measures (Orchinik et al., 2011 (Beery & Beery, 2004) , and the short-form of the Bruininks Oseretsky Test of Motor Proficiency-Second Edition (Bruininks & Bruininks, 2005) . Performance was assessed using age-adjusted standard scores.
Memory and executive function were evaluated using nonstandardized procedures. The domain of verbal memory was measured with the Verbal Paired Associates test (Wechsler, 1987) as modified by Gonzalez, Anderson, Wood, Mitchell, and Harvey (2007) . After presentation of four word pairs that were closely related semantically and four than were not, the examiner read a stimulus word from each pair and asked the child for the other word. Three immediate recall trials were presented followed after 30 min of other testing by a delayed recall trial. Total correct scores for the immediate and delayed trials were transformed to age-adjusted z-scores based on data from the NBW group.
Tests of the executive function domain included four tasks developed by coauthor (Kimberly A. Orchinik et al., 2011) . Shape School and Preschool Trails were given to assess response inhibition and set switching. Shape School required the child to This document is copyrighted by the American Psychological Association or one of its allied publishers.
name the color or shape of cartoon figures according to increasingly complex rules. In Preschool Trails the child pressed an ink stamper on cartoons of dogs of different sizes and their bones according to instructed sequences. Scores for these tests were measures of efficiency that took both accuracy and speed into account. The computerized Test of Inhibition and Attention was given to further assess inhibition as well as selective attention. In this task the child was presented with a series of targets (bright-colored fish) and nontargets (dark-colored sharks) and was asked to press the space bar only for the fish. Fish were presented 75% of the time in the Go No-Go condition and 25% of the time in the Continuous Performance Test condition. Performance for each condition was assessed using a measure of signal detectability (d=). Nebraska Barnyard was given to assess working memory. In this task the child attempted to reproduce increasingly longer sequences of animal names by touching their associated colors in order on a computer screen. The test score was the total number of correctly reproduced sequences. Raw scores on each test were transformed to ageadjusted z-scores based on data from the NBW group. Scores for each of multiple-test neuropsychological domain were defined as the average standard scores (or z-scores) for the tests comprising that domain. The use of these composite scores was justified by moderate to high internal reliabilities (Cronbach's ␣s .66 -.83) and by previous evidence of associations of these or similar skills with reading or mathematics achievement in preterm Note. EPT/ELBW ϭ extremely preterm/extremely low birth weight; NBW ϭ term-born normal birth weight; GED ϭ general education diploma; SES z-score ϭ socioeconomic status as defined by mean of the sample z scores for maternal education, occupation, and census-based median family income; IEP ϭ Individual Educational Program (special education). Race was coded as African American or Caucasian/Asian. Family income in thousands of dollars. ‫ء‬ p Ͻ .05. This document is copyrighted by the American Psychological Association or one of its allied publishers.
or community samples (Alloway & Alloway, 2010; Fuchs et al., 2010; Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010; Johnson et al., 2011; Pagani, Fitzpatrick, Archambault, & Janosz, 2010; Taylor et al., 2002) .
Data Analysis
A series of linear mixed model analyses was conducted to compare the EPT/ELBW and NBW groups on growth on the WJ-III-ACH W scores across years 1-3. Primary factors were group, year in school, and the Group ϫ Year interaction. Covariates were SES z-score, sex, race, age at kindergarten entry, and time in school at the year 1 assessment. The model included a cluster variable for family to account for correlation of multiple children from the same family, with a 3 ϫ 3 unstructured withinsubject covariance matrix. Data were analyzed with SAS (r) Proprietary Software 9.3. As preliminary analysis failed to suggest moderating influences of sex or SES z-score on group or Group ϫ Year effects, higher-order interactions involving these factors were not considered. Secondary analyses controlling for BIA were carried out to determine if the effects of prematurity on achievement would be fully accounted for by group differences in global cognitive ability. To further explore potential sources of group differences, two additional sets of secondary analyses were conducted after excluding: (a) the 36 children (34 EPT/ELBW, 2 NBW) who had more global impairments as defined by BIA scores Ͻ70 or histories of sensory disorder or cerebral palsy; and (b) the 19 children (15 EPT/ELBW, 4 NBW) who repeated a grade or dropped out of follow-up and whose grade repetition status was unknown. BIA was entered into analysis as a time-varying covariate to adjust achievement scores for the concurrent measure of global cognitive ability. Of the subset of EPT/ELBW participants who repeated a grade, 7 (47%) were also globally impaired.
To identify neuropsychological predictors of achievement, each neuropsychological score was included as an additional predictor in the best fitting models from the analysis of group differences as described above, along with interactions of that predictor with group, year, and Group ϫ year. Because the predictors were moderately intercorrelated (r's ranging from .55 to .73), each neuropsychological score was considered separately. In fitting these more complex models, nonsignificant higher-order interactions were trimmed to reduce the risks of overfitting and enhance interpretability (Hawkins, 2004; Tabachnick & Fidell, 1983) .
Missing test data because of child noncompliance or inability to follow basic test demands were infrequent and not considered in analysis. The significance level was corrected to p Ͻ .0125 to take into account the four measures of achievement (.05/4). Effect sizes were computed using Cohen's d for group differences and standardized betas (␤) for associations of predictors with achievement W scores (Cohen, 1992) . Lower limits for small, medium, and large effects correspond, respectively, to d=s of 0.2, 0.5, and 0.8, and ␤'s of 0.10, 0.30, and 0.50. Table 2 summarizes results from mixed model analysis of the W scores for each achievement test. The EPT/ELBW group had significantly lower W scores across years than the NBW controls on Letter-Word Identification, Calculation, and Applied Problems (effect sizes .37, .67, and .76, respectively). The significant group difference in growth rates for Spelling from years 1-3 indicated some catch-up growth in the EPT/ELBW group relative to NBW controls, though follow-up tests confirmed significantly lower scores for the EPT/ELBW group for all years (effect sizes .73, .59, and .37, respectively). Model estimates for Spelling are plotted in Figure 1 . Additional findings included significant increases in W scores for both groups across years and significant associations of lower SES with lower scores on all achievement measures, African American ethnicity with lower W scores on all measures except Spelling, and more months in school at the time of assessment with higher scores on all measures. For descriptive purposes, supplemental Table 1 lists means, SDs, and ranges of age-and gradebased standard scores for the two groups for years 1-3.
Results

Group Differences in Achievement
Although the BIA was significantly associated with all four achievement scores (all ps Ͻ .001), group differences remained significant for Applied Problems controlling for BIA. When children with global impairments (BIA Ͻ70 or neurosensory disorders) were excluded, group differences remained significant for Calculation and Applied Problems, with a Group ϫ Year interaction for Spelling indicating significant group differences on this measure only in years 1 and 2. Excluding children who repeated a grade, group differences again remained significant for Calculation and Applied Problems, with a Group ϫ Year interaction for Spelling again indicating significant group differences only in years 1 and 2. Comparison of the subset of EPT/ELBW children who repeated a grade to the remainder of this group revealed that all neuropsychological scores were significantly lower for the repeaters (all ps Ͻ .01). Table 3 summarizes findings from mixed model analysis that included kindergarten neuropsychological measures as additional predictors of each achievement measure. Only effects involving the neuropsychological predictors are listed. The most common findings were predictor main effects, indicating associations of higher neuropsychological test scores with higher achievement W scores across follow-up for the total sample. Effect sizes for main effects ranged from moderate to large (␤'s of .29 -.40 for LetterWord Identification, .29 -.46 for Spelling, .26 -.44 for Calculation, and .34 -.57 for Applied Problems).
Associations of Kindergarten Neuropsychological Tests With Achievement
Predictor ϫ Year interactions revealed differential growth in achievement for children at lower versus higher levels on the neuropsychological measures. Faster growth in Letter-Word Identification was significantly related to higher BIA, verbal comprehension, spatial/nonverbal reasoning, motor/visual-motor ability, and executive function; Spelling to higher spatial/nonverbal reasoning; and Calculation to higher motor/visual-motor ability and executive function. Figure 2 shows growth in Letter-Word Identification for the total sample at low and high levels of executive function as defined by z-scores 1 SD below and 1 SD above the sample mean.
Significant Predictor ϫ Group interactions for Spelling indicated larger differences in favor of the NBW group at lower levels of verbal comprehension and spatial/nonverbal reasoning. Similar This document is copyrighted by the American Psychological Association or one of its allied publishers.
trends in group differences (p Ͻ .05) were evident for Calculation at lower levels of executive function, and for Applied Problems at lower levels of verbal comprehension and spatial/nonverbal reasoning. Analysis of Calculation scores revealed several Predictor ϫ Group ϫ Year interactions, indicating group differences in associations of neuropsychological skills with growth in W scores. Analysis of the source of these effects indicated a consistent pattern of findings involving more rapid increases in W scores from years 1-2 for the EPT/ELBW group than for the NBW group at high but not low levels of skill. In contrast to the other achievement tests, however, substantial floor effects were evident for this Note. EPT/ELBW ϭ extremely preterm/extremely low birth weight group; NBW ϭ term-born normal birth weight group; WJ-III-ACH ϭ Woodcock Johnson Tests of Achievement, third Edition; ␤ (SE) ϭ model estimate of effect (SE). Results are from repeated measures mixed model analysis examining group differences in growth in WJ-III-ACH W scores across years, controlling for SES z-score, sex, race, age at school entry, months in kindergarten at the time of the initial assessment, and family membership. The model included a cluster variable for family to account for correlation of multiple children from the same family, with a 3 ϫ 3 unstructured within-subject covariance matrix. Definition of effects: EPT/ELBW group (Year 1) ϭ W score for EPT/ELBW group relative to NBW in kindergarten; SES z-score ϭ change in W score corresponding to 1 point increase in z-score; sex (female) ϭ W score for females relative to males; race (Caucasian/Asian) ϭ W score for Caucasian/Asian relative to African American; Age at school entry ϭ change in W score for each additional year of age at school entry; Months in kindergarten ϭ change in W score for each additional month in kindergarten; ⌬Year 1-Year 2, NBW group ϭ change in W score from year 1-2 for NBW group; ⌬Year 1-Year 3, NBW group ϭ change in W score from year 1-3 for NBW group; Additional ⌬Year 1-Year 2, EPT/ELBW group ϭ change in W score from year 1-2 for EPT/ELBW group relative to corresponding change for NBW group; Additional ⌬Year 1-Year 3, EPT/ELBW group ϭ change in W score from year 1-3 for EPT/ELBW group relative to corresponding change in NBW group. This document is copyrighted by the American Psychological Association or one of its allied publishers.
measure in kindergarten, with 58 children in the EPT/ELBW group (46%) compared with 22 controls (20%) obtaining the lowest possible score (p Ͻ .001). As the EPT/ELBW group had been in kindergarten for less time than the controls when the assessments were conducted and, thus, had less opportunity to learn written arithmetic, the timing of the assessments may have contributed to the EPT/ELBW group's poor initial performance on this measure, with children of higher ability having more potential to benefit from subsequent learning opportunities. The triple interactions were not replicated in analyses that excluded children with the lowest possible scores but instead revealed significant associations of higher Calculation W scores with higher scores on all neuropsychological measures, as well as significantly faster growth from years 1-2 and 1-3 for children with higher motor/visual-motor scores.
To determine if multiple neuropsychological domains accounted for independent variability in academic achievement, additional analyses were conducted in which all six domain scores and their interactions with other factors were simultaneously included as predictors. After trimming of nonsignificant interactions, LetterWord Identification was positively associated with verbal comprehension (p ϭ .001, effect size or ␤ ϭ .14), phonological processing (p Ͻ .001, ␤ ϭ .24), and motor/perceptual-motor skills (p ϭ .005, ␤ ϭ .14); Spelling with verbal comprehension (p ϭ .002, ␤ ϭ .12), phonological processing (p Ͻ .001, ␤ ϭ .14), motor/perceptualmotor skills (p Ͻ .001, ␤ ϭ .25), and executive function (p Ͻ .001, ␤ ϭ .16); Calculation with phonological processing (p Ͻ .001, ␤ ϭ .12) and motor/perceptual-motor skill (p Ͻ .001, ␤ ϭ .22); and Applied Problems with verbal comprehension (p Ͻ .001, ␤ ϭ .19), spatial/nonverbal reasoning (p Ͻ .001, ␤ ϭ .12), motor/ perceptual-motor skill (p Ͻ .001, ␤ ϭ .19), and executive function (p Ͻ .001, ␤ ϭ .14).
Discussion
The findings are consistent with past research documenting early emerging and persistent weaknesses in multiple domains of academic achievement in children with very or extremely preterm birth/low birth weight (Aarnoudse-Moens et al., 2009; Espy et al., 2009; Pritchard et al., 2009) . The EPT/ELBW group showed partial catch-up growth in Spelling from years 1-3 relative to NBW classmates but were significantly behind the controls on all achievement measures in all years. Compared with NBW controls, the EPT/ELBW group also had approximately three times the rate of IEPs (48 vs. 17%) and grade repetitions (12 vs. 4%). These differences are consistent with other outcome data (AarnoudseMoens et al., 2011; Aylward, 2005; Bowen, Gibson, & Hand, 2002; Johnson et al., 2009; O'Brien et al., 2004; Saigal et al., 2003) and further attest to the EPT/ELBW group's learning difficulties.
In line with other evidence for selective effects of prematurity on mathematics achievement, the EPT/ELBW group's deficits in Calculation and Applied Problems remained when controlling for the BIA or excluding children who had global impairments or repeated a grade (Aarnoudse-Moens et al., 2011; Johnson et al., 2011; Litt et al., 2012; Pritchard et al., 2009) . Selective deficits in Spelling were also identified in years 1 and 2. Weaknesses in these aspects of achievement in the early grades, thus, cannot be fully accounted for by higher rates of more global impairments or grade repetition in the EPT/ELBW group.
Discovery of academic deficits in preterm children that are present at school entry and are persistent but relatively stable over time confirms reports by Aarnoudse-Moens et al. (2009 and Schneider et al. (2004) but contrast with results from other studies. Taylor et al. (2000a) , for example, found an increasing deficit in reading across the early grades in children with Ͻ750 g birth weight compared with NBW controls. This deficit was not evident in a 750 -1,499 g birth weight group, suggesting that children with more extreme prematurity are especially vulnerable to increasing gaps in achievement with advancing age. Using latent growth modeling to examine changes in achievement in this same sample through age 14 years, Espy et al. (2009) found evidence for two growth trajectories in reading and mathematics achievement. A "normal" trajectory was characterized by persistently higher scores across grades and steeper growth in the early grades compared with a second "low-achievement" trajectory, and more low birth weight children were in the latter latent class.
Inconsistent evidence for increasing deficits over time may reflect sample variations between studies. Lack of evidence for increasing deficits over time in the EPT/ELBW group relative to NBW controls is nevertheless unanticipated given that children who begin school with substandard achievement skills might be expected to fall even further behind with advancing age (Morgan, Farkas, & Wu, 2011) . One explanation for the absence of agerelated increases in achievement problems in the EPT/ELBW group is that learning difficulties were already fully manifest as delayed academic readiness skills before school entry (NICHD Early Child Care Research Network, 2003; Pitchford, Johnson, Scerif, & Marlow, 2011) . Alternatively, increasing deficits in achievement relative to age expectations may have been evident had our sample been followed for more years in school.
The observation of a partial catch-up in spelling was also unanticipated but is in keeping with research suggesting that spelling may be less affected by extreme prematurity than other areas of achievement (Aarnoudse-Moens et al., 2011; Grunau et al., 2004) , as well as with improvements in early developing This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
academic skills observed in children with learning disabilities (Geary et al., 2012; Skibbe et al., 2008; Spira et al., 2005) . A potential explanation for catch-up is that some EPT/ELBW children had the potential to learn to spell but required more learning exposures to do so. The observation that preterm children learn a word list more slowly than NBW controls across repeated presentations but are able to retain what they have learned offers some support for this possibility (Taylor, Klein, Minich, & Hack, 2000b) , as it suggests the potential of these children to benefit from repeated opportunities for skill building. Other possibilities are that early brain insults lead to progressive adaptations in neural organization for some EPT/ELBW children that alter the trajectory of skill development (Stiles, Reilly, Paul, & Moses, 2005) , or that the maturation of executive control with age helped children compensate for attentional weaknesses that impeded early learning (Sonuga-Barke & Halperin, 2010) . Consistent with previous research on academic outcomes of preterm birth, higher SES was associated with higher overall achievement levels . However, SES was not related to rates of growth in achievement across years, as was observed by Breslau et al. (2001) , nor was there evidence for moderating effects of SES or sex on group differences. Results showing that more months in school at the time of assessment predicted higher scores on all of the achievement measures, while higher age at assessment did not, accords with previous research indicating that time in school has a greater impact on academic achievement than age at school entry (Morrison, Alberts, & Griffith, 1997) .
As hypothesized, higher scores on neuropsychological testing in kindergarten were positively associated with achievement in reading, spelling, and mathematics across the first 3 years of school for both groups. Higher scores in several domains, including verbal comprehension, spatial/nonverbal reasoning, motor/visual-motor skills, and executive function, were also associated with more rapid gains from years 1-2 or 1-3 in Letter-Word Identification, Spelling, and Calculation. Associations of multiple cognitive skills with achievement replicate prior evidence for the validity of early childhood cognitive assessments as predictors of both concurrent and later achievement levels. These associations have been reported in preterm/low birth weight cohorts Litt et al., 2012; Schneider et al., 2004; Simms et al., 2015; Wocadlo & Rieger, 2007) , children with other brain-related disorders (Raghubar et al., 2015; Van Rooijen, Verhoeven, & Steenbergen, 2016) , and community samples (Alloway & Alloway, 2010; Grissmer et al., 2010; Krajewski & Schneider, 2009; LeFevre et al., 2010; Mayes et al., 2009; Passolunghi, Mammarella, & Altoe, 2008) . Studies involving community samples or children with learning disabilities indicate that higher cognitive skills at early school age predict faster subsequent growth in achievement (Cameron et al., 2012; Ferrer et al., 2007; Fuchs et al., 2010; Geary et al., 2012; Morgan et al., 2011; Spira et al., 2005) . To our knowledge, the present findings are the first to document associations of neuropsychological skills at school entry with learning progress across multiple years in school in an EPT/ ELBW cohort. The results also confirm independent associations of multiple cognitive skills with early achievement (Fuchs et al., 2010; Molloy et al., 2017) and justify neuropsychological assessment of learning problems in young EPT/ELBW children.
A possible basis for the association of neuropsychological measures with achievement in the total sample is that children who have greater cognitive capacities are able to engage more in the learning process, acquire new information and skills more efficiently, and take better advantage of formal instruction. For example, more intact executive functioning may be advantageous in following directions, keeping track of the elements of multistep tasks, and suppressing irrelevant activities (Alloway & Alloway, 2010; Pagani et al., 2010) . Higher phonological processing skills may be associated with increased ability to form the verbal codes used in recalling information and acquiring written language and number skills (Krajewski & Schneider, 2009) . Better perceptualmotor skills may facilitate the formation of mental representations for letters and numbers or tap into more basic cognitive control mechanisms involved in attention regulation and learning (Cameron et al., 2012; Grissmer et al., 2010) .
Moderating effects of neuropsychological skills on group differences in Spelling were also evident. Specifically, more negative effects of extreme prematurity on Spelling were found at lower levels of verbal comprehension and spatial/nonverbal skill, signifying larger differences between children with low compared with high skills in these domains for the EPT/ELBW group than for NBW controls. While it is unclear why these effects were found only for Spelling, Johnson, et al. (2011) also found stronger associations of neuropsychological skills with achievement for their ELBW group compared with NBW controls. A potential explanation for these moderating effects is that low scores in the EPT/ELBW group reflect not only genetic and environmental variability but also residual effects of early brain insults that compromise a wide range of learning processes.
Findings showing that weaknesses in academic achievement in EPT/ELBW children are already entrenched by their first year in school and are associated with deficiencies in multiple neuropsychological domains imply a need to identify and treat these deficiencies before school entry. High quality early childhood educa- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tion is well justified for all children (Heckman, 2006; High, 2008) , has the potential to mitigate initial deficits that lead to poor outcomes in high-risk populations (Sonuga-Barke & Halperin, 2010; Wass, 2015) , and may be especially critical for preterm children (Pritchard et al., 2011) . Such efforts are likely to be even more effective if accompanied by interventions to build learningrelated cognitive skills and design instructional approaches that accommodate for weaknesses in these areas (Aylward, 2002; Baron et al., 2014; Clark et al., 2010; Geary et al., 2012; Hornby & Woodward, 2009; Keller-Margulis, Dempsey, & Llorens, 2011) . Optimizing school readiness in the preterm population may also require assessment of other influences on early achievement, including child behavior problems and the family and school environment (Assel, Landry, Swank, Smith, & Steelman, 2003; Bornstein, Hahn, & Wolke, 2013; Bull et al., 2011; Friedman et al., 2014; High, 2008; Hornby & Woodward, 2009; Lesaux, Vukovic, Hertzman, & Siegel, 2007; NICHD Early Child Care Research Network, 2003; Spira et al., 2005; Xu & Filler, 2005) . The major strengths of this study are inclusion of NBW controls drawn from the same or similar classrooms as the EPT/ELBW children, assessment of multiple measures of academic achievement, and our longitudinal design, which permitted assessment of factors related to differential growth in achievement. The study adds to the literature on early academic growth in EPT/ELBW children. Administration of a comprehensive neuropsychological test battery also addresses the need to examine associations of multiple cognitive abilities with academic development in preterm samples (Aylward, 2002; Baron et al., 2014; Johnson et al., 2011) .
One limitation is that group differences on Calculation were obscured by the high floor for this test, which affected the earliertested EPT/ELBW group more so than NBW controls. Although testing of the EPT/ELBW group earlier in the school year also may have contributed to partial catch-up of this group in Spelling, this is unlikely given that time in school was controlled in the analysis and there was no indication of floor effects for measures other than Calculation. Additionally, despite the fact that a given EPT/ELBW child had to be tested before the matched NBW control could be recruited, EPT/ELBW children were enrolled in the study over a substantial period of the school year and testing did not begin until well into the fall of the school year. A further measurement issue is that the neuropsychological domains, although demonstrating reasonable internal reliability, were defined based on clinical groupings of tests. The findings may have differed had alternative composites been used or other measures been included. Measures of processing speed and number knowledge, for example, may have enhanced the predictive validity of our test battery (Geary et al., 2012; Mulder et al., 2010; Pagani et al., 2010; Wocadlo & Rieger, 2007) . Moderately high intercorrelations of the neuropsychological domain scores may also have constrained our ability to identify abilities that predicted independent variance in achievement scores. An additional limitation is that this study focused on abilities related to growth in early academic skills; different abilities may predict more advanced levels of achievement (Krajewski & Schneider, 2009; Passolunghi, Mammarella, & Altoe, 2008) . Finally, the sample comprised EPT/ELBW children from a single and predominantly urban center born in the early 2000s. Although morbidity related to extreme prematurity has not substantially changed since this period (Hintz et al., 2011; Park, Chang, Sung, Ahn, & Park, 2017) , caution is advised in generalizing findings to a broader population of more recent EPT/ELBW births.
In conclusion, the findings from this longitudinal study indicate that weaknesses in achievement in EPT/ELBW children relative to classmate controls that were evident in kindergarten persisted across the next 2 years in school. For both groups, better performance in all neuropsychological test domains in kindergarten was positively associated with achievement scores, and better performance in most domains predicted more rapid growth in achievement. By demonstrating that EPT/ELBW children with higher test scores are less affected or have the potential to make gains in achievement relative to their NBW peers, the findings confirm the validity of kindergarten neuropsychological assessments as predictors of early achievement in this population. Further research is needed to determine if EPT/ELBW children are at risk for increasing gaps in achievement as they advance to higher grade levels and to identify individual differences in growth trajectories, as some children may show catch-up growth while others fall increasing behind their peers (Luu et al., 2011) . Additional research needs are to examine a larger range of potential influences on achievement and design and test early interventions to optimize learning readiness.
